This paper examines the relationship between the volatilities of equity indexes returns and FX rates for a set of emerging countries. We study the sensitivity of sector indexes volatility to FX rates volatility of local currencies with respect to the U.S. Dollar, the British Pound, and the Japanese Yen. Our empirical results largely support the hypothesis of a positive transmission mechanism between volatilities in equity and FX rates markets. Furthermore, although Ownership Restrictions and International Capital Market Controls have significant effects on the magnitude of the relation between FX rates volatility and stock returns volatility, the type of the FX rates regime does not affect this relationship. Our findings can be exploited for portfolios international diversification and adjustment of the risk management of multinational corporations. The model can also be extended using high frequency data.
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I-Introduction :
The purpose of this paper is to investigate the correlation between FX rates volatility and stock returns volatility. We use a GARCH model to estimate the stock return and the exchange rate volatility. The basic intuition behind this investigation is that the volatility of the stock returns is partially explained by the volatility of the FX rates. The instability observed on stock exchange market is in part due to the foreign intervention, which induces a correlation with foreign markets via FX rates and portfolios holdings of foreign investors.
The volatility of stock returns can be explained by many factors, including liquidity risk (Jun, Marathe and Shawky, 2003 , Min, 2002 , Lesmond, 2005 , information asymmetry (Tse, Wu and Young, 2003, Attanasio, 1990) , number of informed agents (Du and Wei, 2004) , inventory (Thille, 2005) , segmentation (Yeh, Lee and Pen, 2002, Jong and Roon, 2004) , number of regulations and their imbedded costs (Green, Maggioni, and Murinde, 2000) , quality of the banking system (Dellas and Hess, 2002) and the impact of investibility (i.e' the degree to which a stock can be foreign-owned on the stock return volatility') as suggested by Bae, Chan and Ng (2004) . Some of these factors have a positive effect on the stock return volatility whereas others have a negative one. This large number of factors does not allow to disentangle the effect of each shock on the volatility. One way to circumvent this problem is to reduce the number of factors using fundamentals as in Fama and French (1995) or a decomposition approach of the volatility as provided recently by Caner and Önder (2005) . Their study considers dividend yields and interest rates as major sources of volatility. Although, it is difficult to determine the optimal number of useful factors, one can still look for elements which are correlated either with stock returns or with the volatility.
In an international context, the variability of FX rates is clearly a potentially interesting factor that drives the level of the volatility of stock returns. With the liberalization and the reduction of barriers to international investment, foreign investors can benefit from diversifying their portfolios (Li, Sarkar, and Wang, 2003, DeSantis and Gerard, 1997) 3 .
As a consequence, agents are more likely to move their portfolios from a stock exchange market to another. This implies a greater sensitivity to the exchange rates and a priori a positive transmission mechanism between the stock returns volatility and the FX rates volatility. For example, sudden and bad events created in some stock exchanges will drive investors to withdraw their investment and to look for other financial markets.
These investors will convert their holdings into foreign currency and shocks will subsequently affect FX markets. The south Asian crisis illustrates well this phenomenon.
While, this portfolio approach explains the relation between FX rate volatility and stock return volatility, the transmission effect across both markets can also be generated by speculative investors. Furthermore, in many times the transmission mechanism turns out to be a contagion phenomenon across markets and is reinforced as the markets are getting co-integrated (Edwards and Susmel, 2001 , Bekaert and Harvey 4 , 2002 .
Hedging operations against foreign risk can decrease the volatility of the stocks This fact will thus shrink the volatility of the stock returns. Using hedging instruments can also reduce the contagion between markets. However, these operations are costly and can decrease the performance of the firms. Some investors may look for a type of firms that do not use hedging procedures. The stocks of these firms will be traded by aggressive agents looking for more growth. This statement will magnify the volatility of the stock return. Hedging operations can reduce the volatility of hedged firms and increase indirectly the volatility of the non-hedged firms. It would be interesting to study the impact of the hedging on the correlation between FX rates and stock returns. We could divide the sample of the firms following the hedging ratio. However, this question is beyond the purpose of this paper.
The volatility also tends to increase surrounding some events: earning announcements, merging, rumours displayed, etc. The effect of the liberalization on the volatility of the market is also significant (Edwards, Biscarri and Gracia, 2003, Huang and Yang , 2000, 4 ''…. Contagion in equity markets refers to the notion that markets move more closely together during periods of crisis. '' (Bekaert and Harvey, 2003) In this paper, we propose to examine the correlation between the volatility of FX rates and the volatility of the stock exchange returns in some emerging countries. We focus on emerging markets for various reasons. First, to our best knowledge, no study of this kind was undertaken on those markets. Second, the weight of these financial markets is incessantly increasing. Third, we think that emerging countries are tightly related to the major currencies in the world: American Dollar, Japanese Yen, Euro and British Pound.
These latter are driving the major economic indicators of the emerging countries. The exchange rate is one of the most important elements in setting economic policies in the emerging countries. In deed, exchange rate policies play a major role to attract direct foreign investment (Bénassy-Quéré, Fontagné, and Lahrèche-Revil, 2001 ) and to bear the export levels. The remaining part of the work is organized as follows. In the second section, we give a theoretical framework of the relationship between FX rates and stock returns. In the third section, we give a description of the data and the methodology used.
In the fourth section, we display the empirical results. Finally, the fifth section is the conclusion.
II-Theoretical Framework
We propose in this part to explore theoretically the relation between the exchange rates and the outputs of stocks. We propose to use a theoretical framework in which there are two agents: the firm and the foreign investor. We then try to determine the objectives and the behaviour of each of the two agents. The firm seeks to maximize its profit in terms of local currency and the foreign investor seeks to maximize the output of his portfolio in terms of foreign currency. We consider that the interaction between these two agents will be, mainly in charge of the relation between exchange rate risk and stock exchange 6 ''…Similar to findings from previous work, we find that volatility may decrease, increase, or remain unchanged following liberalization. '', Jayasuriya (2005) . 7 ''… We find that capital market liberalisations often increase the correlation between local market returns and the world market but do not drive up local market volatility.", Bekaert and Harvey (1997) .
output. It is a simple theoretical framework which enables us to study the relation between the exchange rate and the stock exchange output. In this model, we will not take into account the presence of dividends because our empirical study focus on sector indexes, which do not generally pay dividend. However, abnormal negative return should be observed on ex-dividend dates 8 . This abnormal return can, to some extent, bias the results. The generalisation of the behaviour of these two agents (firm and foreign investor) would give us a macroeconomic explanation of the relationship between FX rate and stocks returns at a country level.
1-From the firm viewpoint:
For an exporting firm, the depreciation of the local currency compared to the foreign currency will generate an increase of its income (in terms of local currency). This good news is likely to encourage investors to buy or at least to hold the stock of the firm. The quotation of the exchange rate being indirect i.e. equal to the price in foreign currency of a unit of local currency, if this rate improves, then, the price of the stock should increase.
Based on this criterion, the relation is a priori negative: if the output of the local currency is negative (R x is negative: there is a depreciation of the local currency) then there is an increase in the value of the stock. But, if the firm imports raw materials from this same foreign country or other countries, and that the foreign currencies were appreciated, the profit recorded at the time of the sales can be cancelled by the imports. It is thus necessary to check the net position in local currency of the firm. It is difficult to disentangle the effect of the increase from the effect of a decrease in the foreign currency. It is also obvious that firms are not equally affected. It depends on the geographical localization of the partners (customers and suppliers) of the firm. Profits on a currency can be cancelled by losses on other currencies.
The last decade was characterized by the multiplication of the instruments of exchange rate risk management. Futures, options, forwards and various arrangements are more and more adopted by the firms. This has as a consequence the reduction in uncertainty about 8 At the ex-dividend date, the stock price would decrease by the same amount of the dividend distributed by the firm, as mentioned in Modigliani and Miller (1986) . Since we do not take account of the dividend, we would expect to get an abnormal negative return on ex-dividend dates.
the incomes of the firm which is synonymous to less speculation. The exchange rate risk can be cancelled. Also, the presence of ADRs 9 made it possible to the American investors to invest in the emerging countries without undergoing the exchange rate risks.
The rates of exchange thus have, a priori, less impact on the course of the stock than the previous decades. But, is the FX rate really an index without real importance for investors?
2-From the foreign investor viewpoint:
We propose here to expose the behaviour of the foreign investor in the stock exchanges of the emerging countries. Contrary to the local investor, the foreign investor undergoes the exchange rate risk. We will then try to determine the impact of its behaviour on the value of the stock. Even if the participation of the foreign investors in emerging stock markets is not major, it is nevertheless increasingly important. Since stocks are traded in local currency, foreign investors must translate their inflows or their outflows. The variation of the exchange rates for a foreign investor thus -in term of local currency -can either increase or decrease the output of the stock.
The following relation gives the output obtained (in the foreign currency) by a foreign investor:
With: R G : output of the stock in foreign currency R t : output of the stock in local currency R x : output of the rates of exchange in indirect quote
. In deed, it is the variation (expressed as a percentage) of the local currency compared to the foreign currency.
S t : a number of units of the foreign currency for a unit of local currency at the date t.
So, in our case and with an indirect quotation, the rate the stock in local currency:
t P : Price of the sector index i in the country j at the end of the day t.
9 ADR: American depositary receipt.
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This gives the output of the local currency. If the local currency appreciated, R x is positive. If the local currency depreciated R x is negative.
For those who had already invested: in the case of a depreciation of the local currency compared to the foreign currency ( x R is then negative), there will be a loss of output of the stock finally obtained in foreign currency. The foreign investors, for fear of continued local currency depreciation, will seek other financial markets which may be more profitable. There is then an increase in the offer of the stock on the market. The price of the stock will drop. This assumption supports that the relation between FX rate and stock price is negative.
For those who did not invest yet: if the currency had been depreciated before they already invested, it can correspond to new possibilities of investment. For this group of investors, they will find the stocks cheap. The foreign investors, anticipating that the local currency will pursue an appreciation, will buy these stocks. Thus, the price of these stocks increases. From this point of view, the relation appears then positive between prices of the stocks and output of exchange.
There are thus two antagonistic forces taking place on the market. These two forces represent two types of foreign investors with opposite anticipations. Ones are betting on a depreciation of the local currency (contrarian strategy), others on an appreciation (momentum strategy). But, the principal difficulty on the empirical level is to be able to disentangle the effects due to the behaviour of the firm from those due to the behaviour of the foreign investor.
The two approaches exposed to explain the relation between the exchange rate risk and the stock exchange output: the approach cash-flow and the approach of supply and demand are used to explain the sources of the volatility in the stock exchange market.
3-Exchange rate regime and stock exchange markets:
The liberalization of the financial and stock exchange markets of the emerging countries lasts from the Nineties. A relatively short history for these financial markets and which is mainly characterized by the Mexican crises 1994, Asian financial crises of 1997, the best to reach, we think that a study on an emerging but relatively well structured market, will give significant results.
Another point to mention is the segmentation phenomenon 10 from which suffers in general the emerging countries. The main cause of the segmentation is the lack of supply and demand. The ratios of the request over the offer on the stocks are lower than those of the developed countries. The integration of the emerging markets is also to underline (Bairoch and Kozul-Wright, 1996 ). We will not release in details this concept, but we will retain the impact of this phenomenon on our study. Indeed, it was noted these last years, that the emerging markets are more cointegrated. Moreover, their correlation with the developed countries markets and in particular the U.S.A does not cease being confirmed. This tendency is reinforced as the weight of the emerging countries in the world economy is increasing. The contagion between the countries is more accentuated (and unavoidable) as the economies of these countries are more cointegrated. This is the case at the financial crisis of 1997. The crisis is propagated from a country to another, almost without meeting cut fire (even though for various reasons some countries as Taiwan and China were exempted). During this period, the exchange rates were very volatile.
10 The segmentation phenomenon: two stocks with the same characteristics have different prices relating to the market where they are quoted. to one currency (generally USD), it is useless to study its impact on the stock returns.
III-Methodology and data
1-Description of the data
Third, the GARCH can not capture the jumps observed during crises. So we will study only post crises periods. This is particularly true for Asian countries. We also provide in table1 the type of the exchange rate regime 12 .
[Insert These sectors represent a well balanced portfolio of the major sectors of each country.
Also, we used these sectors because they are available in the majority of the countries of our study. A large literature supports the study of portfolios rather than individual stocks (Ferson and Harvey, 1991 , Sunder, 1980 , Collins et al., 1987 . We think that this method will give more stable results. The various sector indexes also enable us to have a diversified sample. A sector index will be mainly influenced by global macroeconomic variables. As we are studying the influence of the exchange rate, we think that working on sector indices would give more significant results. However, there are also a lot of firm specific effects which are not captured by our model.
2-Methodology
Contemporaneous relationship
The first model that examines the relationship between FX rates variations and stock returns is the two factors model of Jorion (1990) . It uses FX rates and market index returns to explain the stock returns. However, this model may suffer from two problems.
First, using an unconditional model for large time periods could not give significant results due to structural changes. Second, the linearity of the model may be too restrictive. Others as Koutmos and Martin (2003) tried to circumvent this later problem by adding the conditional volatility of the FX rates as an explanatory variable. The adding of a squared term can capture some of the non-linearity of the relationship. [Koutmos and Martin, 2003] However, our methodology would capture more non-linearity in the relationship between FX rates and stock returns. The linear model of Jorion (1990) supposes that the relationship between FX rates and stock returns is stable (same sign) throughout the sample. This is not necessarily the case. We can still have dependence between two variables, even if the linear model would give a statistically non significant coefficient. If we divide our sample into two sub samples, we can find a positive relationship for the first part and negative one for the second part. Whereas, when we run an OLS regression on the whole sample, we may not find a statistically significant coefficient.
The stock markets factors are time varying. And we could expect for example that FX rates have a positive impact on stock returns for some periods and a negative one for others. A spill-over aspect is usually observed. It depends on the currency in which the net cash flows are underwritten. Also, the use of the various derivatives instruments and short positions decrease the linearity aspect of the relationship. So using a quadratic model is more suitable to capture the dependence between FX rates and stock returns. In this model, we would be more concerned by proving the existence of dependence rather than the existence of a specific correlation.
Our hypothesis is that FX rates have an impact on stock returns. The model we propose allows us to capture this effect regardless of the sign of this relationship. We verify if any variation in FX markets would induce a variation in the stock markets. For this purpose, we use a two steps model to study the correlation between the FX rates volatility and stock returns volatility. First, we estimate the conditional volatility of each market using the GARCH (1.1) process. Second, we run an OLS regression. We use the conditional volatility of the FX rate as an explanatory variable and the conditional volatility of the sector index returns as a dependant variable.
The sector is indexed with i and the country with j. The model is as follows:
: Price of the sector index i in the country j at the end of the day t. The conditional volatility of the rates of exchange in the country j.
The conditional volatility of the sector index returns i in the country j.
We estimate the equations (2.1) and (2.2). Then we run the OLS of (2.3 a). Conditional volatility is determined by the method of maximization of likelihood with a GARCH process and according to the method of optimization B.H.H.H 16 .
We determine the parameters a0, a1 and a2. The expression of Log-likelihood function is as following:
16 Algorithm of optimisation of Berndt, E.K., Hall, H.B., Hall, R.E., Hausman, J.A.
The stationarity issue is important in GARCH models. It is well known that GARCH models do not capture spike and pick effects. In this case, we will have a problem of stationarity. The Asian crises and the various crises that struggle the emerging countries induces high volatility level for periods surrounding those important events. To solve this problem, we will choose to work on periods where there are no extreme values and in particular, we will work on post-crises periods.
There is a trade-off in choosing the sample size. If we choose a long period, the conditional volatilities would be well defined thanks to the large information available.
Also, when we run the OLS regression we will tend to have more significant results as the period is getting larger. On the other hand, results would be more affected by noise and structural changes.
As we do not know the exact value of the volatility of each sector, and the one of the exchange rate, the use of estimated variables will give an unavoidable problem of errors in variables (error of estimation).
Measures of the foreign risk:
We give hereafter a measure of risk. This measure enables us to compare across sectors and across countries, as well. We have sector i and country j. We use equation (2.3 a):
We get the estimated values of ij,1 β , than we can calculate the value of the risk measure.
The risk of a country j is:
This is the average value of the squared of significant coefficients of sectors for the county j. If the j,1 i, β of a sector i is not significant, we do not take it into account. i n : is the number of sectors which have significant j,1 i, β .The risk of a sector i is:
This is the average value of the squared of significant coefficients of countries for the sector i. If the j,1 i, β of a country j is not significant, we do not take it into account. j n : is the number of countries for which j,1 i, β is significant.
These are unified measures of risk that enable us to get direct comparisons between sectors within a country or within a sector. These measures do not consider the sign since we are interested only on the magnitude of the effect of the exchange rate volatility over the sector return volatility.
Lagged relationship:
We use the same methodology except for the equation (2.3 a).
We can think that the volatility of the exchange rate of today will predict the volatility of the sector index of one day after. However, because of the specification of the GARCH (1.1) to estimate the volatilities, this procedure is biased.
We give hereafter the relationship between FX rates volatility at t-1 and the stock return volatility at t. Since t i, h and t x, h are following an autoregressive processes conditional on heteroscedasticity, it is not very useful to run this regression. We know that the coefficient of correlation between the two variables is decreasing as the lag is extended.
We give hereafter an analytical answer 17 :
The coefficient related to n t x, h − will reach zero as n goes to infinity. The relationship between the stock return volatility and exchange rate volatility is decreasing as the lag between the two periods considered is increasing. This fact is due to the choice of the GARCH (1.1) as a model for the both volatilities (FX rates and equities returns). If the lag goes to infinity, we won't find a significant relationship between the two variables.
However, if we increase the lag of the GARCH model, we will find a more significant lagged relationship between FX rates volatility and stock returns.
The determinants of the relationship between FX rates volatility and stock exchange volatility:
We think that the relationship between stock returns volatility and FX rates volatility is related to the characteristics of the emerging countries. We try to explain the correlation coefficient x , i ρ (the correlation between the FX rates volatility and stock returns volatility) using some explanatory variables. 
The multiple regression suffers from two problems. First, there is some correlation between the dependant variables which could bias the estimated coefficients. Second, since the size of the sample is not large, adding many dependent variables will not give efficient estimators. However, we will run both simple and multiple regressions. For the simple regression, we run the OLS equation for each explanatory variable separately.
This method avoids the correlation bias observed on the multiple regressions. The results from the simple regression are also more efficient. The mean of 1 , ij β is 11.07 for USD, 2.89 for GBP, and 2. 
IV-Empirical
Sectors and regions results:
In table 9, we classify our results by sector indexes. The ratios of significant sectors are ranging from 45% to 76% for the USD, from 45% to 73% for the GBP and from 50% to 83% for the JPY. The Banks Index is one of the most sensitive sectors with 76% for USD, 71% for GBP and 71% for JPY also. The overall responsiveness of this sector is 73%. The overall responsiveness of the sector indexes are ranging from 45% to 83%. The variability of the overall responsiveness is not too high.
[Insert table 9]
In table 10, we classify our results by regions: Latin America, Asia, Europe, and Africa.
For each country we calculate i n , the number of sector indexes which have a significant relationship with the exchange rate. We calculate the ratio of significant indexes and we sum up for each region. For the impact of the USD exchange rate, we notice that Asia is the most sensitive with a ratio of significant sector indexes equal to 76%, followed by Europe with 65 %, Latin America 61% and Africa 30% 21 . For the impact of the GBP exchange rate, we notice that Asia is the most sensitive with a ratio of significant sectors indexes equal to 71%, then Latin America with 65%, Europe 56% and Africa 20%. For the JPY exchange rate, we notice that Latin America is the most sensitive with a ratio of 82 % of significant sectors indexes, then Europe with 68%, Asia 65% and Africa 20%.
[Insert table 10]
If we consider an overall responsiveness of each region with respect to USD, GBP and JPY, we observe that Asia is the most sensitive with 71%, then Latin America 70%, Europe 63% and Africa 23%. It could be an indicator of the integration of the emerging countries to the world economy (particularly with the developed countries). However, these emerging countries would be more affected by the economies of the developed countries. We can also observe that for the set of the emerging countries considered in our sample, the exchange rate with respect to the JPY has the most impact with 69%, then USD with 66 % and GBP with 63% of significant results. 21 We can notice that the sample of the African continent is composed of only one country. It can not give us a good idea of the responsiveness of the sector indexes for the African continent as a whole. However, South-Africa is the only African country for which there is almost an agreement to classify it as an emerging country.
[Insert table 11]
We can notice that the overall risk, for all the emerging countries, is the largest with respect to the USD. It has a value equal to 1252.04, than with respect to JPY 53.78 and GBP with 42.45. These values are different enough and allow us to state that the USD volatility affects the most the emerging countries. A small variation in the FX rate with respect to the USD will induce a high variation in stocks returns. While the results seems driven by some countries which have high risk measures as India for Asia, Peru for Latin America, Hungary for Europe, the use of an average value can reduce this problem.
The risk measure of the USD is too high in comparison to the GBP and JPY. Another explanation to this value is the fact that most of the emerging countries, while adopting a free floating or managed floating exchange rates, are trying implicitly to adjust the value of their currency around the value of the USD. The fluctuations of the exchange rates of the emerging countries with respect to USD are small relatively to those of the stock returns.
[Insert 
[Insert table 13]
A lot of linear combinations can offer large diversification possibilities to the investor.
However, barriers to international investment and transactions costs could reduce the diversification benefits. It is easier to invest in different sectors for one country than to invest for one sector in different countries.
Managed versus independently floating FX regime :
The last decade was characterized by the reduction of the barriers to international investment. This fact can inflate or decrease the volatility depending on the market conditions. These events also have important implications for monetary policy frameworks in the emerging market economies. The number of countries that are adopting a free float regime is increasing. Also, the number of countries that are abandoning the fixed FX rates regime is increasing. The majority of the emerging countries are adopting either a managed float regime or an independent floating FX rates regime 22 . This policy will allow for gradually adjustments of the economy and also will avoid large shocks. This also leads to fewer interventions of central banks. On the other hand, those economies would be more correlated with the other countries which could raise the sources of instability.
In Table 16 shows the values of the variables used in the regressions (2.4). We can notice that the results of the multiple regression are not significant for any variable (for each currency also). However, when we run a simple regression for each of the explanatory variables, we notice that some of them are significant. In particular, the variables FOR 
VConclusion:
This work examines the relationship between sector index volatility and FX rates volatility in some emerging countries with respect to USD, GBP and JPY. We find a significant relationship between FX volatility and stocks returns volatility for a large part of the indexes studied. The number of indexes that are significantly sensitive to the FX rates is almost the same for JPY (69%), USD (66%) and GBP (63%).
Moreover, we find a positive relationship between the FX rate volatility and the stock return volatility in a large part of the sector indexes studied. We also notice that the FX risk is slightly larger with respect to the USD compared to the JPY and GBP. This can be explained by the large use of the USD in commercial and financial transactions. This higher dependence to the U.S could also increase the FX risk premium (less diversification).
We compare the volatilities of the FX rates and stock returns. For FX rates with respect to the USD, 50% of the values of ij,1 β are between -1 and 1 (50% of the indexes returns are less volatile than the FX rates). This ratio is 41% and 45% for GBP and JPY respectively. As a consequence, about half of the sector indexes considered is more volatile than the FX rates. 
